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Abstract 
This paper presents a simulation of Three-Phase Four-Wire Shunt Active Filter destined to suppress harmonic currents 
generated by nonlinear loads in low voltage networks, and also to compensate reactive power. The identification method is based 
on P-Q theory using Self Tuning Filters; for-leg inverter commanded by hysteresis is used as generator of harmonic compensation 
currents. In order to have good performances of compensation, DC voltage of the inverter must remain constant (240 V). In this 
paper we propose to use three different DC voltage controllers, PI, Backstepping and improved Backstepping controllers. The 
performances of these controllers are compared and discussed. Simulation results proved very good filtering performances with 
the three controllers either in transient or steady state. Improved backstepping controller gave the best results in transient state. 
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1. Introduction 
Generally, harmonic currents are produced by the AC/DC power conversion units and the power electronic 
equipment. These harmonic currents are the source of adverse effects for many types of equipment such as heating in 
distribution transformer and perturbation of sensitive control equipment. 
Many solutions have been studied in the literature to mitigate the harmonic problems, such as the passive filters 
which cannot completely eliminate all of the harmonic currents, and the active filters which is developed and widely 
used to overcome to the drawbacks of the passive filters and improve power quality [1]. 
 
As known, the performances of the active filter system depend on the performances of DC voltage controller that 
should maintain DC capacitor voltage of the inverter constant and follows its reference as much as possible (in 
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steady or dynamic stats). Many works dealt with DC bus controllers such as PI and intelligent controllers as in [5], 
[9],[10] ],[11].  
This paper presents a three-phase four-wire shunt active filter. We propose to use different DC control technics, 
PI, Backstepping and Improved Backstepping controllers. A comparison between the performances of those 
controllers is done. The effectiveness of the proposed Backstepping controllers is verified by computer simulation. 
The studied system is composed by three-phase source that feed two balanced and identic system of nonlinear 
loads through the electric system. Each balanced system of nonlinear loads is composed by three loads feed by three 
rectifiers that generate harmonics. The three-phase four-wire Shunt Active Filter is connected as generator of 
compensation harmonics as mentioned in the Simulink figure below. 
 
  
Fig. 1. System configuration. 
The implanted command for the four-leg inverter is shown in Fig.2 below. 
 
Fig. 2. Hysteresis command for the three-phase four-wire Shunt Active Filter configuration. 
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2. Reference currents identification 
Reference current identification is done at the base of modified P-Q theory. The load currents ݅௅ଵ,݅௅ଶ and ݅௅ଷ of 
the three-phase four-wire system are transformed into the Ƚ െ Ⱦ െ  axis as follows: 
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As known, the currents in the stationary frames can be respectively decomposed into DC and AC components by: 
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Then, the Self Tuning Filter (STF) extracts the fundamental components (DC components) at the pulsation 
߱௙ ൌ ʹߨ݂ directly from the currents in the ߙ െ ߚ axis, as follows: 
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K: Selectivity parameter. 
 The ߙ െ ߚ harmonic components of the load currents are computed by subtracting the STF input signals from the 
corresponding outputs. The resulting signals are the AC components, ଓǁఈ and ଓǁఉ, which correspond to the harmonic 
components of the load currents iL1, iL2 and iL3 in the stationary reference frame [1-2-3]. 
If: ଓҧ௢ ൌ Ͳ, ( three identic loads) then the o harmonic component of the load is: 
 
ଙǁ࢕ ൌ ࢏࢕                                                                                                                                                            (5) 
 
which correspond to the harmonic component of the neutral current in in the stationary reference frame.  
For the source voltage, the three voltages vS1, vS2 and vS3 are transformed to the ߙ െ ߚ reference frame as follows: 
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Then, we applied the STF to these ߙ െ ߚ voltage components, as follows: 
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
This filter allows suppressing the harmonic components of the distorted mains voltages and consequently leads 
improves the harmonic isolator performances. 
After the computation of the fundamental component ݒҧఈఉ and the computation of the harmonic currents ଓǁఈఉ௢,   we 
calculate the alternative instantaneous real power ݌෤ሺݐሻ and the instantaneous imaginary power ݍሺݐሻ as follows [7-8]: 
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࢖෥ሺ࢚ሻ ൌ ଙǁࢻ࢜ഥࢻ ൅ ଙǁࢼ࢜ഥࢼ                                                                                         (9) 
ࢗሺ࢚ሻ ൌ ࢏ࢼ࢜ࢻ െ ࢏ࢻ࢜ࢼ                                                                                     (10) 
 
And so we identify harmonics and reactive power at the same time. The references of current in theߙ െ ߚ reference 
frame are calculated by: 
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Where:݌஽஼  is a small amount of active power absorbed from or realised to the DC capacitor so as to regulate the DC 
bus voltage. Then the filter reference current in the 1, 2, 3 coordinates are defined by [4]: 
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                 
Figure 3 below describes the Simulink identification scheme. 
 
 
Fig.3. Reference currents identification using modified P-Q theory.  
3. DC voltage  control 
The PI controller requires precise linear mathematical models, which are difficult to obtain and may not give 
satisfactory performance under parameter variations, load disturbances…etc. Recently, backstepping controllers 
have received a great deal of interests in Active Filters. When deriving a control law using backstepping many 
variations can be done. Among other opportunities this enables the designer to beneﬁt from useful nonlinearities. 
With useful means that the nonlinear terms naturally stabilizes the system [6].  
Backstepping control is based on Lyapunov theory. According to this theory a system is stable at the point x if there 
is a function continually derivable U(x) that satisfy: 
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In order to control ஽ܸ஼, we consider the point ο ஽ܸ஼ ൌ ஽ܸ஼
௥௘௙ െ ஽ܸ஼. Using Backstepping controller  ο ஽ܸ஼ should be 
near zero. We use the following expression: 
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࡯ࡰ࡯ࢂࡰ࡯૛                                                                                                                                 (18) 
 
ܧ஽஼   : Energy of the capacitor 
஽ܸ஼  : DC capacitor voltage 
஽ܸ஼
௥௘௙: DC capacitor reference voltage 
 
For small variations of ஽ܸ஼: 
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We define the error as: 
 
οࡱࡰ࡯ሺࢂࡰ࡯ሻ ൌ
૚
૛
࡯ࡰ࡯οࢂࡰ࡯૛                                                                                                                             (20) 
 
To make this energy function stable and control voltage, it should satisfy Lyapunov conditions. The first and the 
second conditions are satisfied. 
Now let’s derivate οୈେ. 
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Placing (19) in (21), we obtain: 
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To satisfy the third condition, a constant k > 0 is introduced in such way that:  
 
ࡼࡰ࡯ሺࢂࡰ࡯ሻ
ࢂࡰ࡯
ൌ οࢂࡰ࡯
࢑
                                                                                                                                             (23) 
 
So:  
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Where ݌஽஼ሺ ஽ܸ஼ሻ is the active power needed by DC capacitor to maintain ஽ܸ஼ constant. 
 
       
Fig. 4. Backstepping control scheme. 
 
 
If we want to improve the transient state; we can use two regulators as follow: 
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݇ᇱ: additional proportional regulator for transient regimes 
ߝ :  a small variation of DC voltage capacitor 
ߝ௠௔௫: maximal accepted variation of DC voltage capacitor behind its ஽ܸ஼
௥௘௙ 
 
                  
Fig. 5. Modified Backstepping control scheme. 
4. Simulation results 
4.1.  Simulation of  the Active Filter 
Simulation is realized under two nonlinear balanced system of loads (see Fig.1), at 0.15s nonlinear system of load 
(2) is inserted, the figures (6-10) below show the results of simulation using Backstepping controller.  
Figure 6 shows the three currents absorbed by the system of nonlinear loads, these currents are highly distorted 
(THDload1 = 29.04 %). 
 
Fig. 6. Load currents. 
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Fig. 7. Source currents. 
Figure 7 shows the source currents which are filtrated and practically sinusoidal (THDsource1 = 1.90 %). 
 
Fig. 8. Filter currents. 
Figure 9 shows neutral current from the side of source, with the Active Filter it become practically equal to zero, 
because the system is under balanced load.   
 
Fig. 9. Neutral current of source (iSN). 
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Fig. 10. Neutral current of load (iLN). 
 
Neutral current from the side of load is not zero; this current presents the sum of the third order and odd multiple 
of three harmonic currents of the three phases. 
4.2. Comparison between the performances of the different controllers 
The parameters of PI controller are: KpDC = 0.14 and KiDC = 19.53, and parameters for Backstepping controllers 
are: k = 1.44,    k’ = 2 and ε = 1 V. Figures 11, 12, and 13 below show the different DC voltage controllers used in 
the simulation. 
               
                                      Fig. 11. PI controller.                                                             Fig. 12. Backstepping controller.  
                                                      
Fig. 13. Improved Backsteping controller.  
 
 
Fig. 14. DC voltage obtained with the deferent controllers. 
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From Fig. 14 it’s seen that Backstepping technics have a rapid response and low voltage undershoot in dynamic 
regime, no overshoot is made, by increasing k the performance of backtepping controllers improved and VDC follow 
more its reference. The dynamic of improved Backstepping technic is the best in dynamic regime; the influence of 
parameter ε used in improved Backstepping controller is very clear in this regime; ε define the maximal error 
allowed which didn’t go over 1 V fixed by ε as it can be seen in Fig. 14. In the other hand, with the best choice of 
KpDC and KiDC for PI controller (that compromise between fast response time and small overshoot), it can be clearly 
seen that the response time and the overshoot are high then those obtained with Backstepping controllers.  
         Table 1. THDs obtained using different controllers.  
 THD (%) between 0.15s and 0.19s THD (%) between 0.2s and 0.24s 
PI 6.62 1.08 
Backstepping 5.06 1.90 
Improved  
Backstepping 4.70 1.89 
From Table 1 it can be seen that in dynamic regime (time between 0.15s and 0.19s) the THDs obtained using 
proposed Backstepping controllers are better than the THDs obtained with PI controller. In static regime (time 
between 0.2s and 0.24s) the best THD is obtained with PI controller. THDs obtained with Backasteping controllers 
are practically the same. The influence of the improvement of Backstepping controller appeared only in dynamic 
regime.  
As shown in Fig.15, a change in DC reference voltage from 280 V to 240 V at 0.1s is made. It can be noted that 
after this change Backstepping controller follows quickly its reference. 
 
Fig. 15. DC voltage capacitor with change of reference capacitor voltage. 
5. Conclusion 
In this paper we have presented a three-phase four-wire Shunt Active Filter based on STFs extraction, to identify 
and supress harmonic current and compensate reactive power using modified P-Q theory identification method.        
The objective was to compare and improve the performance of the presented Active Filter using different DC 
voltage controllers. We presented PI controller and new DC voltage controllers, Backstepping and improved 
Backstepping controllers. The simulation results demonstrates that Backstepping control is better than PI control in 
dynamic states; there are no overshoot, undershoot and response time are the smallest, using the proposed improved 
Backstepping controller the maximal undershoot is fixed leading to the best result. However the performance of PI 
control is better in static regime.  
Backstepping control is better to use when the load is mostly under dynamic regimes, it also permit to avoid a 
precise modeling of the system needed when PI controller is used. 
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Appendix A.  
                                                        Table 2. Power system parameters. 
Source  
Voltage 
Frequency 
Resistance 
Inductance 
VSMax 
f 
Rs 
Ls 
120 V 
50  Hz 
0.42 Ω 
2.3 mH 
loads     Resistance Inductance 
R1 to 6 
L1 to 6  
26 Ω 
90 mH 
Filter  
DC capacitor 
DC voltage 
Inductance 
Hysteresis band 
CDC 
VDC 
Lf 
Δi 
1100 μF 
240 V 
3 mH 
0.02 A 
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